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METALLIC MONOLITH CATALYST SUPPORT FOR SELECTIVE GAS PHASE 
REACTIONS IN TUBULAR FIXED BED REACTORS 

10 

CROSS-REFERENCE TO RELATED APPLICATIONS 

The present application claims priority under 35 U.S.C. § 119 to Great Britain 
Patent Application Number 9930666.4 filed December 24, 1999, which is incorporated 
herein by reference in its entirety. 

15 

FIELD OF THE INVENTION 

The present invention relates to monolith catalyst supports for selective gas phase 
exothermic and endothermic reactions carried out in fixed bed tubular reactors. In 
particular the present invention refers to metallic monolith catalyst supports showing 
20 improved selectivity and increased catalyst lifetime combined with very low pressure drop 
along the reactor. 

BACKGROUND OF THE INVENTION 

It is well known that gas phase exothermic catalytic reactions present a number of 
25 difficulties when performed in large reactors on an industrial scale. The main problem is 
how to dissipate the heat released as the reagents are converted into products. 

In the prior art it is known that fluid bed reactors have been developed in order to 
overcome that problem. However they have serious drawbacks, e.g. difficulty in scaling 
up from the pilot stage to an industrial reactor, catalyst losses due to carry over from the 
30 reactors, and low selectivity due to the back mixing regime of the fluid bed. Moreover 
sometimes it is not possible to have the catalyst suitable for a specific reaction in powder 
form and with such mechanical properties as are appropriate for a fluid bed reactor. 

It is also known from the prior art how to carry out exothermic reactions recycled 
in fixed bed reactors packed with catalysts in pellet form. However hot spots are present in 
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the catalytic bed, as it is difficult to remove the reaction heat. Hot spots lead to catalyst 
deactivation and to a decrease in selectivity. As a further disadvantage of the packed bed 
reactor, the pressure drop is typically very large across the length of the reactor. In an 
industrial plant such a pressure drop requires that the reacting gases should be compressed 
5 to high pressure. This involves a high energy consumption. Further, the unreacted gases 
have to be compressed before they are used in the reactor. 

The prior art does not teach how to carry out an exothermic reaction in a fixed bed 
reactor operated in a nearly isothermal mode, and achieving high selectivity and very low 
pressure drop. In industrial practice, in order to reduce the hot spot temperatures with the 

10 pellet catalyst beds, a series of complicated measures must be adopted, including narrow 
tubes, distributed feeds along the reactor, multiple reactors, and multiple layers of catalysts 
with different activities and different levels of inert dilutions. All of these measures result 
in more expensive industrial plants and complex process operations; in any case the hot 
spot temperatures remain high. 

15 Operation of endothermic reactions in packed-bed tubular catalytic reactors also 

involves difficulties associated with the efficient and uniform transport of the heat of 
reaction from the reactor tube walls to the catalytically active material, resulting in the 
formation of cold spots. 

In order to overcome the above disadvantages, USP 5,099,085 describes the use of 

20 honeycomb monolithic catalyst supports (instead of conventional pellets) for exothermic 
selective chlorination and/or oxychlorination reactions in multitubular reactors with a 
fixed-bed arrangement of the catalyst. The materials used for preparing the monolith 
support are activated alumina, aluminium silicate, silica gel, titanium oxide, silicon carbide 
or mixtures of said materials, or sintered ceramics such a a-Al 2 0 3 . Mullite and cordierite 

25 are preferred. With the ceramic monolith supports described in this patent and with the 
related process engineering measures it is possible to reduce the pressure drop, to suppress 
as far as possible the formation of hot spots and to increase the selectivity in the target 
products. The ceramic monolith supports have a length from a few centimeters up to about 
20 cm and the cross-sectional size, corresponding to the diameter of the reactor tubes, is 

30 usually smaller than 20 to 50 mm. The individual catalyst modules (monoliths) are spaced 
from each other by glass spheres, having a diameter of 3 to 6 mm. From the industrial 
point of view the spherical packing for spacing makes difficult and complicated the 
loading of the reactor tubes with the monoliths. In addition, the short monolith length 
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makes the loading operation even more difficult. A further disadvantage of the process of 
said patent resides in the fact that the hot spot is reduced in respect to the traditional fixed 
bed catalyst, but it is still too high. In order to obtain this reduced hot spot the reacting 
gases have to be introduced at different points of the reactor (see Fig. 1 of said patent) 
5 thereby creating a multireactor system in order to get better thermal control. Experiments 
carried out by the present Applicant using the monoliths according to said US patent in a 
single reactor and feeding the reactants at one point, i.e. using a single reactor, have shown 
that the hot spot is too high and the selectivity too low for an industrial application (see 
comparative example). 

10 

SUMMARY OF THE INVENTION 

The present invention is directed to, inter alia, catalyst supports for selective gas 
phase reactions in a tubular fixed bed reactor comprising a metallic monolith having 
channels the walls of which are adapted to receive a catalytically active phase or an 
1 5 intermediate layer acting as a carrier for a catalytically active phase. 

The present Applicant has unexpectedly and surprisingly found a method for 
solving the above technical problem in fixed bed reactors by using monolith catalyst 
supports for selective gas-phase exothermic reactions in tubular reactors as defined 
hereinbelow. 

20 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 is a representative schematic perspective view, not to scale, of a monolith 
support and catalyst according to the invention, used in the following Examples, and a 
sectional view of one of the cells of the catalyst. 
25 Figure 2 is a diagram of the apparatus used in the activity tests. 

Figure 3 represents temperature profiles obtained in test runs performed in a 

reactor. 

Figure 4 represents a temperature profile obtained in a test run performed in a 

reactor. 

30 Figure 5 represents temperature profiles obtained in test runs performed in a 

reactor. 

Figure 6 represents temperature profiles obtained in test runs performed in a 

reactor. 
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PREFERRED EMBODIMENTS OF THE INVENTION 

According to the present invention a metallic monolith catalyst support for 
selective gas phase exothermic reactions in a tubular fixed bed reactor comprises channels 
wherein the catalytically active phase is deposited on the walls of the channels of the 
5 monolith, optionally on an intermediate layer acting as a carrier. 

It has been found by the present Applicant that the metallic monolith is at the same 
time the support of the catalytically active phase and the medium for removing efficiently 
the heat of reaction and substantially avoiding the hot spot of the fixed bed reactors. 

The monolith is suitably provided with channels that are substantially parallel to 
10 the longitudinal axis of the monolith and of the reactor in which it is to be used. 

The perpendicular cross section of the channels, hereinafter designated as "cells", is 
delimited by a closed line, represented by the perimeter of the cross section of the 
channels. 

Every regular or irregular shape of the cell perimeter can be used if necessary, the 
15 preferred ones being square, triangular, hexagonal and circular, since they are easy to 
manufacture. The cell density, i.e. the number of cells per unit cross sectional area of the 
monolith, is preferably at least 3 cells/cm 2 , more preferably between 8 and 100 cells/cm 2 , 
in order to assure a sufficient geometric surface of the monolith walls. The size of the 
cells, defined by means of the hydraulic diameter, i.e. four times the ratio of the cross 
20 sectional area to the perimeter of the cell, is generally less than 5 mm, preferably between 
1 and 3 mm. This reduced size represents an advantage since it is possible to put more 
cells in the monolith per unit of cross sectional area. Although the cells can be different 
from each other in size, a uniform size is preferred since this makes the monolith easier to 
manufacture. 

25 The volume fraction of the metallic support is preferably less than 0.9, more 

preferably between 0.15 and 0.6. This reduced fraction of metallic support represents an 
advantage since it allows the maintenance of high monolith void fractions, thus further 
reducing pressure drops. Further, a reduced volume fraction of the support allows an 
important saving of expensive support material and a reduction of the reactor weight. 

30 The geometric surface area per unit volume of the monolith should preferably be at 

least 6 cm 2 /cm 3 , preferably at least 10 cm 2 /cm 3 . In this way the productivity of the reactor 
can be increased. By "productivity" is meant the amount of the desired product(s) per unit 
time and per unit volume of the reactor. In addition the requested overall catalyst 
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inventory is achieved through a lower thickness of the catalyst layer to be deposited on the 
metal monolith surface with respect to the ceramic monolith. This represents an advantage 
since the thinner is the catalytic layer, the stronger is the adhesion, and therefore its 
stability in the reactor is improved. 
5 The present Applicant has found that preferably it is sufficient to fix one of the 

above properties in the range indicated, i.e. the values of the cell density, or of the size of 
the cells, or of the thickness of the channel walls, or of the surface area per unit volume of 
the monolith, in order to obtain the best results of the invention. More preferably two of 
the above four properties are fixed, still more preferably three of them, even still more 
1 0 preferably all four of them. 

The length of the monolith, it has been found, is not particularly limited; the 
preferred length is usually chosen on the basis of the cost or ease of production. Generally 
it is between 5 cm and the total length of the reactor tubes; preferably it is in the range 30 
cm - lm. 

15 The metallic structure formed by the channel walls of the monoliths is continuous 

in order to ensure substantial elimination of hot spots in exothermic reactions, and of cold 
spots in endothermic ones. The monolith should be in contact with the fixed bed reactor 
tube walls in such a way as to provide sufficient heat removal. 

It has been found by the present Applicant that the substantial elimination of hot 

20 spots can be obtained by preparing the monoliths by any known technique, such as 
extrusion of metals or metallic powders, folding and/or stacking metallic foils or sheets, 
provided that the above continuity is assured. The techniques for preparation of metallic 
monoliths are well known. See for example X. Xu and J.A. Moulijn in "Structured 
Catalysts and Reactors", (A. Cybulski and J.A. Moulijn Eds.), M. Dekker, New York, 

25 1998. The metals suitable for making the monolith are not particularly limited. We 
mention as preferred copper, aluminum, nickel or their alloys. Other alloys, such as 
Fecralloy®, may also be used. Fecralloy® is an alloy comprising predominantly iron 
(72.8%), chromium (22%) and aluminum (5%), with minor amounts of yttrium (0.1%) and 
zinc (0.1%). 

30 The catalytic material can be deposited on the surface of the monolith by any 

known technique. As far as the deposition is concerned, the monolith surface is usually 
covered by an intermediate layer of material that can make easier the deposition of 
catalytically active components and, if necessary, can avoid contact between the monolith 
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material and the reaction environment. The material of the intermediate layer may be any 
compound suitable for the reaction to be carried out. The most common compounds are 
aluminum hydroxides, aluminum oxide-hydroxides, alumina, silica, zirconia, titania, 
magnesia, pumice, diatomaceous earth, zeolites or their mixtures, or mixed compounds. 
5 As an example can be mentioned the so called washcoating technique, consisting in 

the deposition of a layer of intermediate material, often with high specific surface area, 
onto the surface of the monolith. Washcoating is usually performed by bringing the 
monolith into contact with a slurry of fine powder, or with a solution containing the 
desired compound with optional subsequent precipitation, or with a sol of the desired 

10 material followed by gelation. Alternatively the intermediate layer can be obtained by a 
number of other methods such as thermal coating, electroplating, anodization, chemical or 
physical vapour deposition, dipping in molten materials. For the washcoating techniques 
see e.g. Brinker et al., "Sol-Gel Science. The physics and chemistry of sol-gel processing", 
Academic Press, Boston, 1990; M.F.M. Zwinkels, S.G. Jaras, P. Govind Menon in 

15 "Preparation of Catalysts VI", (G. Poncelet et al. Eds.), Elsevier, Amsterdam, 1995; P. 
Govind Menon, M.F.M. Zwinkels et al., Kinetics and Catalysis, 39, 670 (1998). 

The catalytically active components can be incorporated into the intermediate layer 
during the washcoating step or after the washcoat has been deposited, using any well 
known technique, such as dipping, chemical vapour deposition or in situ synthesis. In 

20 some cases the catalytically active components can be deposited directly onto the monolith 
walls, avoiding the intermediate washcoating step. 

The reactor tubes are loaded by pushing the monoliths sequentially one after the 
other into the tubes. Usually the channels of each monolith are aligned in order to 
minimize the pressure drop across the tube. 

25 The advantages of using metallic monoliths as catalyst supports for exothermic 

reactions are: 

to have a flat temperature profile along the tube, substantially avoiding hot 
spots and performing the reaction at the proper selected temperature; in such a way it is 
possible to prevent or to slow down the catalyst deactivation and to increase the selectivity 
30 of the reaction; 

to adopt reactor tubes with larger diameters and so to reduce dramatically 
the number of tubes for the same capacity, hence allowing the cost of the plant to be 
reduced. The diameter of the conventional reactor tube is about 25 to 30 mm; with the 
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monolith of the invention the diameter can reach 80 mm or even higher, preferably 50 - 
80mm. On the contrary in the prior art, in order to minimize the hot spots, tubular fixed 
bed reactors are made up of tubes with narrow diameters. This is a disadvantage for the 
industrial capacity, since reactors with a large number of tubes are required; 
5 - to achieve very low pressure drop across the tube: this pressure drop is often 

over one order of magnitude less than the pressure drop in conventional packed bed tubular 
reactors; this lower pressure drop could be exploited in processes where it is necessary to 
recycle back unreacted products; in this case instead of using a compressor, a blower may 
be used with significant energy saving; 
10 - to carry out the exothermic reaction in one single reactor without splitting 

the inlet reactants along the reactor tube; this avoids the multiple feed inlets of the prior art, 
as stated above; 

to use higher coolant temperatures in externally cooled tubular reactors for 
exothermic reactions while maintaining still acceptable hot spot temperatures in the 

15 catalytic bed: accordingly, the overall catalytic activity of the bed is enhanced and 
therefore the required amount of catalyst load can be reduced; and 

to achieve nearly isothermal conditions in fixed-bed reactors such as those 
obtained in fluid bed reactors, without difficulties associated with scaling up from the pilot 
stage to an industrial reactor, catalyst losses due to carry over from the reactors, and low 

20 selectivity due to the back mixing regime of the fluid bed. 

The exothermic reactions in which the monolith of the invention can be applied are 
not particularly limited. It is suitably used for selective chlorination and/or 
oxychlorination of alkenes, e.g. ethylene, or alkanes, e.g. methane and ethane; and 
selective oxidation of alkenes, e.g. ethylene and propylene. As examples can be mentioned 

25 the conversion of ethylene with chlorine to 1,2-dichloroethane, the conversion of ethylene 
with hydrogen chloride and air or oxygen to give 1,2-dichloroethane, and the reaction of 
methane with chlorine. 

The catalyst for the oxychlorination reaction of ethylene preferably contains 
copper, preferably in an amount of 1 to 12 wt% of the intermediate layer. Preferably the 

30 catalytically active material also comprises at least one of alkali metals, alkaline earth 
metals, group KB metals and lanthanides in a total amount up to 10 wt % of the 
intermediate layer. Preferably the alkali metal is lithium or potassium, the alkaline earth is 
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magnesium and the lanthanide is lanthanum or cerium, and each of them is present in an 
intermediate layer in an amount up to 6 wt %. 

The catalytically active material for selective oxidation of alkenes contains for 
example silver. The catalytically active material may preferably also comprise at least one 
5 of alkali metals, alkaline earth metals, group IIB metals and lanthanides in a total amount 
preferably up to 5 wt % on the intermediate layer. Preferably the alkali metal is caesium, 
the alkaline earth is barium. 

The catalyst for the oxychlorination of alkanes contains in the intermediate layer 
for example copper and an alkali metal in the atomic ratio 2:8. The alkali metal is 
10 preferably potassium or lithium. The catalytically active material may preferably also 
comprise at least one of alkaline earth metals, group IIB metals and lanthanides. 
Preferably the alkaline earth is magnesium and the lanthanide is lanthanum or cerium. 

For the selective chlorination of alkenes and alkanes, the well known active 
components of the catalysts are used, for example alkali metals, alkaline earth metals, 
15 group IIB metals and lanthanides in a total amount preferably up to 30 wt % on the 
intermediate layer. 

The carriers for the above active components of the catalysts of the above reactions 
are preferably aluminum hydroxides, aluminum oxide-hydroxides, alumina, silica, 
zirconia, titania, magnesia, pumice, diatomaceous earth, zeolites or their mixtures or mixed 
20 compounds. 

In addition to the exothermic reactions, the metallic monolithic support can be used 
also for endothermic reactions in order to maintain the correct temperature substantially 
constant along the reactor tubes. 

The following Examples refer to the oxychlorination reaction of ethylene to 

25 1,2-dichloroethane, taken as representative of selective gas phase exothermic reactions. 

Such examples are given for illustrative purposes and are not intended to limit the scope of 
the invention. Some of the preferred embodiments of the invention described above are 
outlined below and include, but are not limited to, the following embodiments. As those 
skilled in the art will appreciate, numerous changes and modifications may be made to the 

30 preferred embodiments of the invention without departing from the spirit of the invention. 
It is intended that all such variations fall within the scope of the invention. In addition, the 
entire disclosure of each publication cited herein is hereby incorporated by reference. 
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EXAMPLES 

The accompanying drawings are for the purpose of illustrating the invention. 
In the drawings, 

Figure 1 comprises a schematic perspective view, not to scale, of a monolith 
5 support and catalyst according to the invention, used in the following Examples, and a 
sectional view of one of the cells of the catalyst; 

Figure 2 is a diagram of the apparatus used in the activity tests; and 

Figures 3 to 6 are graphs illustrating the temperature profiles obtained in various 
test runs described below. 
10 With reference to Figure 1, four sets of monolith catalysts were prepared, with 

supports made of different metals or alloys: Fecralloy ®, nickel, aluminum and copper. 

Each monolith had a cylindrical shape with parallel channels of square cross 
section (see Fig. 1). The length (1) of each monolith was 50 cm, its external diameter (d) 
being the same as the internal diameter of the reactor tubes used for catalytic activity 
15 testing, as described later on. The side of the square cells (s) was 3.1 mm, while the wall 
thickness (t) was 0.43 mm. 

A first layer of washcoating (carrier) was deposited by dipping into an aqueous 
slurry of commercial boehmite (supplied by Condea). After removal of excess liquid by 
blowing with air, the monolith was slowly dried under mild conditions. A layer of y- 
20 alumina having a surface area of 190 m 2 /g was applied as a washcoat onto the monolith 
walls, using the same procedure as above, followed by flash drying at 280°C. The 
concentration of the slurry and the withdrawal speed were adjusted in order to obtain a 
total layer thickness (w) of respectively 65 um for the use in the tube 9m long and 85 urn 
for the use in the tube 6.5 m long. 
25 After calcination at increasing temperature up to 550°C, the washcoat was 

impregnated by dipping with an aqueous solution of the active components, i.e. copper 
chloride and potassium chloride, with a concentration suitable to obtain the desired 
concentration of the active components in the washcoat: 8% wt Cu and 0.8 % wt. K. 
Finally the impregnated monoliths were dried at 150°C for 4 hours. The void fraction of 
30 the so obtained catalytic bed was 0.7. 

For comparative purposes a set of ceramic (cordierite) monoliths was also prepared. 
The ceramic monoliths had cylindrical shape with parallel channels having square cross 
section. The length of each monolith was 20 cm, its external diameter being the same as 
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the internal diameter of the reactor tubes used for catalytic activity testing, as described 
later on. The internal side of the square cells was 0.5 mm, while the wall thickness was 0.9 
mm. Although it is well known that ceramic monoliths with thinner walls can be obtained, 
the choice of the above parameters was determined by the necessity to keep the hot spot 
5 temperature as low as possible. In spite of that, during the activity tests it was necessary 
also to reduce the coolant temperature in order to moderate the hot spot temperature. 
Attempts to use monoliths with characteristics more similar to those of the metallic ones 
failed since they gave rise to unacceptable hot spot temperatures. On the other hand the 
above mentioned choice of parameters resulted in monoliths with low geometric surface 

10 area per unit volume, so it was necessary to increase the thickness of the washcoat layer in 
order to achieve a total quantity of active components per unit volume of the reactor 
sufficient to ensure the desired conversion values. The thickness of the washcoat layer, 
obtained by repeated impregnations, was 100 jam instead of 65 um, with the same 
concentration of copper and potassium chlorides as the metallic monoliths. Due to the 

15 larger walls and washcoat thickness of the ceramic monoliths, the void fraction of the so 
obtained catalytic bed was 0.1 . 

The choice of the method used for catalytic activity testing is very important 
because the differences in terms of conversion and selectivity exhibited by different 
catalysts are usually small, but of great importance on an industrial scale. In order to 

20 obtain results which could be truly representative of the industrial reactor, a test was 
performed by using a tube having the same size as an industrial one and the same 
conditions (temperature, pressure, feed composition, feed flow rate) were adopted as those 
used in the industrial reactor. Under this point of view a part of the data reported below, 
concerning Fecralloy®, nickel, aluminum and copper based monoliths, was obtained in the 

25 pilot plant by using a tube having the same size as a typical industrial reactor, i.e. an inner 
diameter of 27.2 mm and a length of 9 m. 

However, the peculiar properties of the catalyst or catalyst support of the present 
invention allow the use of the catalyst also in tubes having a size so large as to be 
unsuitable for industrial reactors operating with conventional packed beds of catalyst 

30 pellets. In order to point out other uses of the object of the present invention, the results 
obtained in very large tubes (low cost reactor) are shown later. The large tube chosen for 
the example had an internal diameter of 56.0 mm and a length of 9 m. 
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A further advantage of the catalyst of the present invention is that a very high 
conversion is obtained even in reactors equipped with tubes shorter than the conventional 
ones, simply by increasing the washcoat layer thickness. To demonstrate this, a few test 
runs were performed in a large tube (56.0 mm internal diameter) with a length of 6.5 m 
5 instead of 9 m. 

The apparatus used for the activity tests is schematically shown in Figure 2: it is a 
flow diagram illustrating the pilot plant for the catalytic oxychlorination of ethylene to 1,2- 
dichloroethane, which is used in the examples as representative of an exothermic reaction. 
The pilot reactor consisted of a single tube, which was loaded with the monolith catalyst 

10 samples before each test run. The reactors used were: two nickel tubes 9 m long with 
internal diameters of 27.2 mm (standard) or 56.0 mm (enlarged), and a nickel tube 6.5 m 
long with internal diameter of 56.0 mm. An external jacket with circulating boiling water 
was used to regulate the temperature profile. The reactor was equipped with one 
thermowell inserted into the central channel of the monoliths. A sliding thermocouple was 

1 5 used to record the temperature profile at different tube heights during the test. Two on-line 
gas chromatographs were used at the inlet and at the outlet of the reactor to control the 
reaction. The EDC (1, 2-dichloroethane) was collected in a vessel containing isopropyl 
alcohol at about 0°C and analyzed. This technique allows the collection also of the low 
boiling and water soluble compounds (chloroethanol, chloral, etc) as well as the unreacted 

20 HC1. The reactor feed was: 5200 dm 3 STP/hour of ethylene, 600 dm 3 STP / hour of 
oxygen, 2300 dm 3 STP / hour of HC1, 1000 dm 3 STP / hour of nitrogen. STP means 
standard temperature and pressure conditions, i.e. T = 0°C and P = 1 Ata. 

The oxygen was 6.5 vol % (the flammability limit at 210 °C and 7 Ata is about 
8%). The inlet pressure of the reactor was 7 Ata, the inlet temperature was 150 °C and the 

25 temperature of the coolant was 240 °C in the case of metallic monoliths and 215 °C in the 
case of the ceramic monolith. 

The results of the tests are reported in Table 1. The temperature profiles obtained 
in the most significant experiments are reported in Figures 3 to 6. 

Figure 3 represents the temperature profiles obtained in test runs performed in the 

30 reactor having diameter = 27.2 mm and length = 9 m with catalysts supported, 
respectively, on Fecralloy®, nickel, aluminum and copper monoliths. 



CARP-0087 



-12- 



PATENT 



Figure 4 represents the temperature profile obtained in a test run performed in the 
reactor having diameter = 27.2 mm and length = 9 m with catalyst supported on cordierite 
monolith (comparative example). 

Figure 5 represents the temperature profiles obtained in test runs performed in the 
5 reactor having diameter = 56.0 mm and length = 9 m with catalyst supported, respectively, 
on aluminum and copper monoliths. 

Figure 6 represents the temperature profiles obtained in test runs performed in the 
reactor having diameter - 56.0 mm and length = 6.5 m with catalyst supported, 
respectively, on aluminum and copper monoliths. 

10 Under the adopted reaction conditions the O2 and HC1 conversions were always 

equal to or greater than 93.5 % and 99 %, respectively. The selectivity to 1,2- 
dichloroethane, obtained with metallic monoliths, was always greater than 98.5 % by 
moles, in some cases even greater than 99.5 % by moles. The selectivity to ethyl chloride, 
chlorinated by-products and to CO x (x being an integer equal to 1 or 2), was always low, 

15 depending substantially on the hot spot temperature: the lower is the temperature, the 
lower is the formation of undesired by-products. On the contrary, the use of catalysts 
supported on ceramic monoliths did not allow a selectivity to 1,2-dichloroethane higher 
than 97 % by moles to be reached, because of the greater chlorinated by-products and CO x 
formation. The difference in yield of 1 .5 to 2 % by moles in the target products is very 

20 meaningful in industrial applications. The above results point out that the best comparison 
among the performances of different catalysts can be made by using the values of hot spot 
temperatures: the smaller is the difference between this value and the value of the coolant 
temperature, the better is the catalyst. From the reported results (see Table 1 and Figures 3 
and 4) it is evident that all the catalysts based on metallic monoliths give better results than 

25 the catalyst supported on the ceramic one: the hot spot temperatures were lower than 270 
°C in the present invention and higher than 350 °C in the comparison. The use of ceramic 
monoliths as a support gives place to hot spot temperatures too high to allow their use in an 
industrial reactor. On the contrary all the catalysts based on metallic monoliths give very 
flat temperature profiles in the standard industrial tubes (27.2 mm diameter). The 

30 difference with the coolant temperature is in the range from 2 °C to 17 °C. Among them, 
the best results were obtained using nickel, aluminum and copper monoliths. 
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Further it is well known to the skilled in the art that the lower the hot spot 
temperature, the longer the catalyst lifetime. Therefore the metallic monolith catalysts of 
the present invention show an improved lifetime with respect to the prior art catalysts. 

On the basis of these results aluminum and copper based monoliths were loaded in 
5 tubes much larger than the standard ones (56 mm diameter). The obtained hot spot 
temperature was only a bit higher than that observed in smaller tubes and the difference 
with the coolant temperature was 18 °C in the case of aluminum and only 7 °C in the case 
of the copper (Figure 5). 

The increase of washcoat layer thickness allowed the use of a shorter tube (6.5 m), 
10 owing to the increase of active components concentration per unit length of the tube. In 
spite of the increased reactivity, and thus of an increased heat production per unit length of 
the tube, the hot spot temperatures were only a bit higher than those observed in the longer 
tube with the same diameter: the difference was of 1 1 °C and, respectively, 4 °C using 
aluminum and copper based monoliths (Figure 6). 
15 The above results prove the feasibility of adopting larger reactor tubes for industrial 

applications. It is well known to the skilled in the art that the use of such large reactor 
tubes loaded with conventional catalysts in pellets is not feasible because of very high hot 
spot temperatures, with the disadvantages indicated above. In order to reduce the hot spots 
with the conventional catalysts in pellets it is necessary to drastically reduce the 
20 productivity. This brings uneconomical industrial results. 

The pressure drop, under the same productivity, in the examples of the invention 
was always very low, i.e. far below 0.05 atm. In the comparative example using the 
ceramic monolith the pressure drop was significantly greater, although still below 0.1 atm. 
With respect to the pellet catalyst the pressure drop with the monolith of the present 
25 invention is drastically reduced, being lower by about two orders of magnitude. 



